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Abstract

Damage to seagrasses by propeller scarring is common in coastal waters.
Scarring has the potential to fragment seagrass beds resulting in habitat loss,
decreased productivity, and the possibility for further erosion and degradation.
A study was conducted in Thalassia testudinum beds in Puerto Rico to
determine how seagrass plants, associated fauna, and physical processes are
affected by this disturbance. Four treatments (propeller scar, seagrass/scar
interface, and seagrass located 5 and 10 m from scars) were compared among
10 replicate seagrass beds. Scarring modified the faunal assemblage at the
scale of the propeller-created gap; there was significantly lower total faunal
abundance and fewer faunal species in scars. When individual taxa were
considered, shrimp and mollusc abundances were significantly lower in scars.
Resident fish abundance was not significantly different among treatments.
Dominant shrimp species in scars differed from seagrass treatments. Crabs and
molluscs responded negatively to scarring as indicated by significantly lower
densities of these two taxa up to 5 m from scars. The extent to which these
results “scale up” remains unknown and future studies should focus on larger,

more intensely scarred areas.



Resumen

Las zanjas lineares en areas de hierbas marinas causadas por las hélices
de los motores son comunes en la costa donde el mar es poco profundo. Este
tipo de disturbio tiene el potencial de fragmentar las praderas de hierbas
marinas resultando en pérdida de habitat, disminucién en su productividad
primaria y conllevan a su posterior erosion y degradacion. El presente estudio
se condujo en la costa sur-occidental de Puerto Rico para determinar como
areas de Thalassia testudinum y su fauna asociada se afectan por este disturbio
antropogénico. Se analizaron cuatro diferentes tratamientos en diez sitios (en la
zanja, en la interfase hierba/zanja, a 5 m de la zanja y a 10 m de la zanja). Las
zanjas pueden modificar las comunidades de animales por la reduccion en los
numeros de especies y en la abundancia de fauna total y de los camarones y los
moluscos en las zanjas. También, las poblaciones de camarones en las zanjas
fueron diferentes a las adyacentes con hierbas en términos de las especies
dominantes. Los cangrejos y los moluscos tuvieron baja densidad en los
tratamientos de interfase y 5 m contra el tratamiento de 10 m. Se necesitan
estudios a mayor escala donde este tipo de disturbio afecte areas mas grandes,

0 se presente con mayor frecuencia.
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1. INTRODUCTION

Disturbance is a fundamental component of ecosystem function and is a
major influence on the spatial and temporal heterogeneity of ecosystems as well
as the relative abundance of resident species. Disturbances are heterogeneous
in time and space, and most commonly involve the modification of or removal of
habitat structural components, with subsequent alterations to the usual physical
and biological processes taking place within the disturbed ecosystem (Sousa,
1979; White and Pickett, 1985; Forman, 1995). Disturbance events fashion
ecosystems that are composed of mosaics of habitat patches of varying shape
and size (Sousa, 1979; Forman and Godron, 1981).

In most cases, the primary effect of a disturbance is the formation of a
gap, in which a space, devoid of some form of structure or biomass, is opened
by the disturbance. The gap is still surrounded by structural elements and is
smaller than the area of continuous occupied substratum (Type | gap; Sousa,
1985). The formation of gaps has been documented in numerous systems
ranging from temperate forests and grasslands, to the rocky intertidal, coral reefs
and seagrass beds (Patriquin, 1975; Connell and Keough, 1985; Hobbs and
Mooney, 1985; Runkle, 1985; Sousa, 1985). Frequent or prolonged
disturbances within a system can lead to the formation of numerous gaps and
ultimately fragmentation. Fragmentation of native habitat is one of the major
reasons for decreases in world biodiversity (Wilcox and Murphy, 1985; Majer et
al., 1997). Whether interior portions of habitat are physically removed or the

intact habitat is fractured into remnant patches, the amount of edge and edge-



like habitat within the ecosystem is increased. Lovejoy et al. (1986) saw edge
effects as the leading factor promoting ecological changes resulting from habitat
fragmentation.

The concept of edge and edge effect is not new to ecology (Gleason,
1926; Leopold, 1933; Odum, 1971). Edge refers to the outer portion of a
landscape element (near the perimeter), often defined by the junction between
two different ecosystems resulting in the formation of a transition zone, or
ecotone (Odum, 1971; Forman, 1995). Distinct environmental conditions occur
at edges that are distinguishable from the interior of the habitat (Williams-Linera,
1990; Kapos et al., 1993; Matlack, 1993; Young and Mitchell, 1994; Stevens and
Husband, 1998). Traditionally, edge effect refers to the tendency for increased
species numbers and diversity at habitat edges versus habitat core (Odum,
1971). These increases are often attributed to the fact that the edge contains
structural components from both systems, and therefore increases in abundance
and diversity result from the mixing of populations from both communities. This
phenomenon has been observed in a variety of aquatic and terrestrial systems
(Peterson and Turner, 1994; Downie et al., 1996; Bologna, 1998). However,
there are also some edge studies in which either no edge effect is apparent or
species richness and diversity decline at the edge (King et al., 1997; Kruger and
Lawes, 1997; Ozanne et al., 1997; Stevens and Husband, 1998). Interestingly,
the edges examined in these studies were “hard” edges that did not exhibit the
typical gradation of one ecosystem or habitat into another. Such edges are

common in fragmented landscapes and tend to be artificial edges created by



rapid anthropogenic disturbances such as fire, grazing, or human activities
(Lovejoy et al., 1986; Kruger and Lawes, 1997).

In addition to modifying faunal communities via the direct removal of
structure, fragmentation alters physical processes occurring at edges thereby
compounding actual habitat loss (Saunders et al., 1991). Fragmentation has
been shown to modify nutrient cycles, radiation balance, wind profiles, local
hydrologic cycles, and vegetation composition (Saunders et al., 1991).

The effects of habitat fragmentation, especially the formation of edges and
remnant patches, is of utmost importance for terrestrial conservation biologists,
especially in regard to the formation and designation of reserves and protected
areas (Wilcox and Murphy, 1985; Saunders et al., 1991; Gascon et al., 2000).
For example, until recently, the extent of edge effects due to fragmentation has
been viewed as being controlled by some fixed distance from the edge. Gascon
et al. (2000) suggest that anthropogenic edges, and their subsequent effects,
may actually encroach further into a remnant patch, if the habitat surrounding the
remnant is not conducive to regeneration or is conducive to further disturbance.
In time, the remnant may become entirely composed of edge habitat. This issue
is critical for reserve design. If the edges of reserves are not protected or if the
habitat surrounding the reserve is too harsh, the reserve may collapse over time
(Gascon et al., 2000).

Fragmentation is not limited to terrestrial communities. In the tropical
marine environment, fragmentation has been documented in coral reefs,

mangroves, and seagrass beds (Wilson, 1949; Harmelin-Vivien and Laboute,



1986; Dollar and Tribble, 1993; Sargent et al., 1994; Strong and Bancroft, 1994;
Hastings et al., 1995; Riegl and Riegl, 1996). Seagrass beds in particular furnish
a marine analog to terrestrial ecosystems such as grasslands, and may serve as
an ecological model system for concepts currently under investigation in
terrestrial landscape ecology, especially effects from fragmentation (McNeill and
Fairweather, 1993; Robbins and Bell, 1994; Irlandi et al., 1995).

One of the most common disturbances to seagrass beds is the formation
of propeller scars. Scarring occurs when a boat enters an area where the water
is shallower than the depth of the boat's propeller. Initially, the upright seagrass
blades are cut off by the slicing action of the propeller. As the boat proceeds and
water depth decreases further, the propeller can tear into short shoots (erect
stems that produce foliage leaves), sediment, and underlying rhizomes
(horizontal stems embedded in substrate). When the propeller penetrates the
sediment, a long, narrow gap, or prop scar, is created in which seagrass density
and biomass are severely reduced or completely removed.

Seagrass beds are dominant features along shallow-water coastal marine
environments and have been shown to be highly productive. High faunal
diversity is maintained through several trophic levels, because the beds function
as habitats, nurseries, feeding grounds, settlement sites, and refuge areas for a
large number of ecologically and commercially important marine organisms
(Zieman, 1982; Phillips, 1984; Thayer and Fonseca, 1984; Zieman and Zieman,
1989; Gotceitas et al., 1997). Several studies provide evidence that faunal

densities and species diversity are lower on bare substrates than adjacent



seagrass beds (O'Gower and Wacasey, 1967; Santos and Simon, 1974; Thayer
et al., 1975; Thorhaug and Roessler, 1977; Stoner, 1980a,1983a; Homziak et al.,
1982; Virnstein et al., 1983; Lewis, 1984, Orth et al., 1984; Wells et al., 1985;
Carpenter and Lodge, 1986; Edgar, 1990; Edgar et al., 1994; Connolly, 1997,
Jenkins and Sutherland, 1997; but see Young and Young, 1982). In addition to
direct removal of structure, propeller scarring leads to a decline in productivity
(Fonseca, 1994) and can increase sediment resuspension, and facilitate erosion
by waves and currents (Fonseca, 1994). Fragmentation of large portions of
seagrass beds could lead to a cumulative reduction in remaining viable habitat
for fauna.

Few studies have directly addressed the importance of seagrass edges
and fragmentation as a conservation issue (Orth, 1975; McNeill and Fairweather,
1993; Irlandi, et al., 1995; Lovegrove, 1997; Frost et al., 1999), even though such
studies would provide pertinent information to managers when selecting sites for
restoration and preservation. Because of the direct loss of habitat, it is often
assumed that propeller scarring has a detrimental affect on seagrass
communities but to date, no studies have assessed the effects of this type of
disturbance on fauna. Results from natural seagrass edge studies (e.g.
Bologna, 1998) are not directly applicable to anthropogenic edges such as those
formed by propeller scarring. Scarring is a unique process in which narrow,
linear gaps are created within a continuous grass bed. Are these gaps and their

associated edges large enough to be perceived and responded to by fauna?



The first objective of this study was to characterize seagrass assemblages
bordering propeller scars.

Faunal species numbers and abundances increase with increasing
seagrass biomass and density (Orth, 1973, 1977; Heck and Wetstone, 1977;
Brook, 1978; Heck and Orth, 1980; Stoner, 1980a, 1980b,1983b; Lewis, 1984;
Stoner and Lewis, 1985; Bell and Westoby, 1986). Differences in faunal
densities should therefore correspond to differences in seagrass biomass and
density resulting from propeller scarring. Seagrass biomass and density have
been shown to be greater in interior portions of seagrass beds than in natural
bed edges (Zieman, 1972; Orth, 1977; Thayer and Fonseca, 1984; Duarte and
Sand-Jensen, 1990; Bologna, 1998; Nakaoka and Aioi, 1999). A second
objective of this study was to determine if seagrass biomass, density, and leaf
area index differ at the edges of scars versus bed interiors and if so, do faunal
abundances reflect these differences?

In temperate and tropical forests, edges can significantly differ from the
forest interior in terms of light penetration, temperature, humidity, and wind
speed (Williams-Linera, 1990; Kapos et al., 1993; Matlack, 1993; Young and
Mitchell, 1994; Stevens and Husband, 1998). Sediment composition and water
velocity are similarly affected along seagrass meadow edges (Orth, 1977;
Fonseca et al., 1982). Seagrass beds are effective sediment traps and tend to
accumulate finer particles than unvegetated areas (Orth, 1977). Seagrasses
also reduce current velocity at bed edges (Fonseca et al., 1982); the immediate

decline in flow at bed edges causes larger particles to fall from the water column,



whereas fines are transported further into the bed, leading to a concentration of
fine particles in bed interiors. Substrate composition influences various shrimp
taxa, benthic infauna, and Pacific flatfishes (Williams, 1958; Ruello, 1973;
Rulifson, 1981; Moles and Norcross, 1995; Seiderer and Newell, 1999 and
references therein; Pinedo et al., 2000). Additionally, water velocity may
influence the distribution of aquatic animals, especially larvae (Butman, 1987;
Bologna and Heck, 2000), and currents have been shown to play a role in the
distribution of adult forms, for example, holothurians and certain molluscs
(Warwick and Uncles, 1980; Barkai, 1991; Levinton et al., 1995; Sakurai and
Seto, 2000). A third objective of this study was to determine differences (if any)
in sediment grain size and relative water motion among treatments scar, edge,
and seagrass interior treatments.

This study evaluates the potential impacts of propeller scars to Puerto
Rican seagrass meadows, focusing on impacts to seagrass plants, seagrass-
associated fauna, and certain physical processes occurring in seagrass beds.
The following null hypotheses were tested: 1) no difference in seagrass density,
biomass, and leaf area index among propeller scars, seagrass edges directly
adjacent to scars, and seagrass bed interiors at distances of 5 and 10 m from
scars; 2) no difference in relative water movement and sediment composition
among scar, edge, and seagrass interiors; 3) no difference in the abundance and

composition of associated fauna among scar, edge, and seagrass interiors.



2. METHODS

This study was conducted between the months of May and November
1999 off the southwest coast of Puerto Rico near La Parguera (17° 58' N, 67° 03'
W, Figure 1). The area consists of a number of inshore and offshore coral reefs,
scattered mangrove islands, and seagrass beds within the inner insular shelf.
The dominant seagrass species is Thalassia testudinum, but beds may be
interspersed with Halodule wrightii and/or Syringodium filiforme.

Ten seagrass beds were chosen based upon level of scarring and amount
of contiguous seagrass within the bed. Each site contained a single propeller
scar that was bordered on all sides by at least 20 m of continuous seagrass.
Scars were readily recognizable as recent injuries, with no signs of additional
erosion beyond that of the original scar path. Scars were at least 3 m in length
and 0.25 m in width. Four treatments were distinguished per site: propeller scar
(bare sand trench resulting from prop dredging), edge (seagrass within 0.25 m of
the scar), 5 m interior (distance of 5 m from the scar), and 10 m interior (distance
of 10 m from the scar). The scars were measured for length and divided into 10
equal-length sections, each marked with a piece of surveyor’s tape attached to a
galvanized nail. The sections were marked in this way for ease of visibility from
above the surface of the water as an aid for drop trap placement. Sections were
marked in the same manner within the seagrass edge, 5 m, and 10 m
treatments. Three different sections from within each treatment (scar, edge, 5 m,

10 m) were randomly chosen for clod card placement, sediment extractions, and
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seagrass and faunal sampling (Figure 2). Clod card procedures and sediment
extractions occurred prior to faunal sampling. A single site was sampled
completely before moving on to the next site, and an entire compliment of
samples from within a site was completed within 10 days.
2.a. Flow

Within each treatment, relative amounts of flow were recorded using clod
cards (Doty, 1971; Thompson and Glenn, 1994). This method relates water flow
to the dissolution rate (grams lost per unit time) of plaster of Paris (calcium
sulfate) clods. All clods were made from the same batch of plaster of Paris to
avoid inconsistencies due to differences in water or calcium sulfate content of the
plaster mixture. The plaster mixture consisted of 7000 g reagent-grade plaster
slowly added to 4690 ml water (Thompson and Glenn, 1994). The mixture was
poured into oblong, round-bottomed polyethylene ice-cube trays. After 20 min,
the clods were removed from the tray, and the flat ends of each clod were filed
so that clod weights ranged from 27.04 to 30.04 g. Clods were < 3.0 cm in
height. Clods were dried for four days and then cemented to thin, clear plastic
cards using contact cement. The completed cards were then allowed to dry for
another 24 h. After drying, the cards were weighed to the nearest 0.1 g. Three
replicate cards were placed within each treatment within the selected sections
(Figure 2). Cards were secured with galvanized nails and remained in situ for
48 h. The cards were then removed from the sites, rinsed with distilled water,

and allowed to dry for four days in the laboratory. After drying, the cards were
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weighed, and the amount of plaster dissolved was calculated to the nearest
0.1 g. This method does not yield exact flow rates (Doty, 1971; Thompson and
Glenn, 1994) but is a useful tool for comparing relative flow among different field
sites.
2.b Sediment

Sediment samples were taken and analyzed following the procedure of
Folk (1974). A 28 mm diameter plastic centrifuge tube with the tip removed
served as a sediment core. Three sediment samples were taken from within
each treatment at randomly selected sections (one sample per section) by
pushing the open-ended tube approximately 5 cm into the sediment. The tube
was then capped, removed from the substrate, and the sample was placed in a
glass specimen jar. Large detritus particles were removed and excess water
decanted. Samples consisted of approximately 20 g of sediment and were
treated with 20 % hydrogen peroxide for 24 h to dissolve organics, dried at 60 °C
and then weighed to yield total sample weight. Samples were then wet-sieved,
retaining two fractions: gravel, > 2 mm, and sand, 0.0625 mm - 2.0 mm. Sand
and gravel portions were dried (60 °C for 24 h), weighed, and the weight of the
fine portion determined by subtraction. Percent composition for each fraction was
then calculated.
2.c. Fauna

Seagrass fauna were sampled using a drop trap as modified from
Holmquist’s throw trap (1997). Throw traps have proven to be highly efficient

and are the recommended method for faunal surveys in subtidal unvegetated



habitats as well as seagrass (Rozas and Minello, 1997). The trap used in this
study is a 0.25 x 0.25 m open-ended box constructed of sheet aluminum with a
depth of 0.4 m. Three random sections from within each treatment were
selected for sampling with the restriction that there was a minimum of a two-
section distance between samples taken from adjacent treatments. Sampling
times of 0800, 1200, and 1600 were randomly assigned to each of three
sampling days, and fieldwork was conducted such that there was a minimum of
24 h between samplings. On each day, one section from within each treatment
was trapped (Figure 2).

Because the trap was to be manually placed into the substrate rather than
thrown, a mechanism was devised to allow for distance between the sampler
and the sampled treatment. Vise-grip panel clamps were used to grip one of the
top edges of the trap. A five-foot long, two-inch diameter PVC tube was fitted
over the handles of the pliers to act as an extension. The trap was then hoisted
from the boat by the sampler, placed on the substrate, and pushed into the
sediment approximately 1 to 2 cm. The trap was held in place with lead weights
suspended from the trap corners. Fauna were cleared from the trap by passing
a 0.25 m wide, handled net through the trap at the water/sediment interface. The
net was emptied of its contents into a 19 L plastic bucket filled with seawater.
Ten net passes were made in each trap. Buckets were then transported to the
laboratory where fauna were sorted live, enumerated, and identified using the
following groups: shrimps, fishes, crabs, and molluscs. These taxa were chosen

based upon their common occurrence in seagrass beds, and the ease with which



they can be captured using the above methodology. Where possible, individuals
were identified to species, with the exception of crabs which were separated into
Brachyura and Anomura. Total faunal abundance and abundances within each
group were determined and scaled to per m? values. Total number of species
per 0.25 m? trap was calculated. Shrimp species comprising less than 9 % of the
total number of individuals collected were pooled. Molluscs and fishes were
treated similarly.

2.d. Seagrass

Seagrass sampling occurred after throw trapping in those treatments
where seagrass was present (i.e., edge, 5 m interior, 10 m interior). Replicate
quadrats (0.125 x 0.125 m) were haphazardly placed in the grass, and all
seagrass short shoots within the quadrats were removed, placed in plastic bags,
and transported to the laboratory for analysis.

In the laboratory, short shoot counts were made to determine short shoot
density. Five short shoots were selected at random, and the number of blades
per short shoot and the length and width of each blade were measured to
calculate leaf area index (L. A. |. = mean blade length x mean blade width x
mean number of blades per short shoot x mean number of short shoots per
square meter x 2). The green, photosynthetic portions of all blades collected
were washed in dilute HCI and gently scraped to remove carbonate epiphytes
and sediment then dried at 90 °C for 24 h to determine above ground standing

crop per m? (dry biomass).



2.e. Data Analysis

Scar-edge, scar-5 m, scar-10 m, edge-5 m, edge-10 m, and 5 m-10 m
were contrasted for vegetation parameters, sediment grain size, clod card weight
loss, total faunal abundance, number of species, and abundances of various
taxa. Untransformed mean values with standard errors are also reported
because these values are more intuitive and provide additional perspective;
although, probabilities generated from the aforementioned contrasts cannot be
directly inferred from inspection of means with standard errors. Normality was
tested using the Shapiro-Wilk test (Shapiro and Wilk, 1965). Bartlett’s Test and
the F-max test (Hartley, 1950) were used to test for homogeneity of variances.
Where necessary, data were either log or square root transformed to meet the
assumptions (Table 1). Where data met the assumptions, paired t-tests (two-
tailed) were used. For data not meeting the assumptions, non-parametric
Wilcoxon Sign Rank tests were used. The sequential Bonferroni method was
used to reduce multiple comparison testing error (Holm, 1979). Rank-
abundance plots were constructed as a representation of community diversity.
A two-way ANOVA was used to test for the interaction between treatment and
taxa. All statistical analyses were performed using SAS Version 8.0 (SAS

Institute, Inc., 1999).



Table 1. Transformations and statistical tests used for each variable. N/A =

transformation not necessary
Parameter
Clod Card Weight Loss
% Sand
% Gravel
% Fines
Seagrass Biomass
Seagrass Density
Seagrass Leaf Area Index
Treatment x Taxa
Total # Species
Total Fauna
Total Shrimps
Thor manningi

Hippolyte
zostericola/pleuracanthus

Alpheus normanni
Periclimenes americanus
Latreutes fucorum
Pooled Shrimps

Total Fishes

Test
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
2-Way ANOVA
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)

Paired t-test (two-tail)

Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)

Paired t-test (two-tail)

Transformation
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Log (y + 1)
N/A
Square root (y+ 0.5)
Square root (y+ 0.5)
Log (y+ 1)

Log (y+ 1)

N/A
Log (y+ 1)
Log (y+ 1)

Log (y+ 1)
N/A



Table 1. Con't.
Parameter
Malacotenus macropus
Bathygobius curacao
Pooled Fishes
Total Crabs
Brachyurans
Anomurans
Total Molluscs
Cerithium eberneum
Cerithiopsis greenii
Tricolia bella
Modulus modulus

Pooled Molluscs

Test
Wilcoxon Sign Rank
Wilcoxon Sign Rank
Wilcoxon Sign Rank
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)
Paired t-test (two-tail)

Paired t-test (two-tail)

Transformation
N/A
N/A
N/A
N/A
N/A

Log (y+ 1)
Log (y+ 1)
Log (y+ 1)
Log (y+ 1)
Log (y+ 1)
Log (y+ 1)

Log (y+ 1)



3. RESULTS

3.a. Flow

Mean clod card weight loss was greatest in the edge treatment (Table 2).
Dissolution rates of the clod cards were significantly greater in the edge
treatment relative to the scar, 5 m, and 10 m treatments (Table 3, Figure 3). No
other contrasts were significant (Table 3, Figure 3).
3.b. Sediment

Sand was the dominant sediment grain size in each of the four treatments
(Table 2, Figure 4). Percent sand content was significantly lower in scars versus
the other treatments (Table 3, Figure 5). The percent composition of gravel
ranged from 5.2 — 14.4 % (Table 2, Figure 6). Gravel content was significantly
higher in the scars versus the edge, 5 m, and 10 m treatments (Table 3, Figure
6). There were no significant differences among treatments when contrasted for
percent fines (Table 3, Figure 7).
3.c. Seagrass

The lack of seagrass in scars (i.e. zero values for all seagrass
parameters), prevented direct comparison with the vegetated treatments.
However, by definition, comparisons of scars to vegetated treatments would be
significantly different. Seagrass parameters were similar among those
treatments having seagrass (Table 2). Standing crop, short shoot density, and
leaf area index exhibited no significant differences among vegetated treatments

(Table 3, Figures 8, 9, and 10).



Table 2. Means (S. E.) for clod cards, sediment, seagrass, total fauna, and total
number of species within each treatment (N = 10).

Parameter

Clod Card Weight Loss (g)

% Sand

% Gravel

% Fines

Standing Crop (g / m?)

Short Shoots / m?

Leaf Area Index (m?/ m?)

Total Fauna / m?

Total # Species / 0.25 m?

scar

17.4
(1.5)

75.3
(3.4)

14.4
(3.2)

10.4
(1.6)

0
(0)

0
(0)

0
(0)

67.7
(18.3)

(0.3)

edge

19.4
(1.4)

81.6
(1.6)

6.3
(2.0)

12.1
(1.2)

35.3
(6.1)

1661

(94.3)

6.2
(1.0)

200.0

(41.1)

5.0
(0.7)

5m

17.8
(1.4)

83.3
(2.3)

5.2
(1.4)

11.4
(1.3)

35.3
(6.1)

1566

(76.9)

5.6
(1.0)

203.2
(43.5)

5.2
(0.7)

10m

17.3
(1.5)

82.7
(2.3)

5.4
(1.6)

11.9
(1.7)

34.8
(4.1)

1454
(110.1)

6.0
(0.7)

283.2
(23.8)

6.2
(0.5)



Table 3. P-values resulting from paired, two-tailed t-tests comparing differences
in mean clod card weight loss, sediment composition, seagrass parameters, total
fauna, and total number of species between pairs of treatments. *significant at

the per-contrast error rate (alpha = 0.05); **significant after correcting for multiple

comparisons; N/A = insufficient data to run analysis

Variable

Clod Card
Weight Loss

(9)
% Sand

% Gravel
% Fines

Standing
Crop

(g/m?)

Short
Shoots / m?

Leaf Area
Index
(m?/ m?)

Total
Fauna / m?

Total #

Species /

m2

scar-- scar--
edge 5m

0.004** 0.463

0.013* 0.012*

0.002** 0.010**

0.054 0.221
N/A N/A
N/A N/A
N/A N/A

<0.0001** <0.0001**

0.0004**  0.0001**

scar--
10m

0.869

0.025*

0.0264*

0.212

N/A

N/A

N/A

<0.0001**

<0.0001**

edge--

5m

0.002**

0.373

0.620

0.421

0.997

0.325

0.264

0.965

0.602

edge--
10m

0.018*

0.528

0.684

0.867

0.877

0.112

0.533

0.002**

0.135

5m--
10m

0.290

0.687

0.917

0.502

0.889

0.102

0.746

0.004**

0.203
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Figure 3. Mean (S. E.) clod card weight loss (g) within each treatment (N
=10). *significant at the per-contrast error rate (alpha = 0.05);
**significant after correcting for multiple comparisons
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Figure 4. Mean (S. E.) percent composition of sand, gravel, and fines across all
treatments (N = 10).
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Figure 5. Mean (S. E.) percent composition of sand across all treatments (N =
10). *significant at the per-contrast error rate (alpha = 0.05)
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Figure 6. Mean (S. E.) percent composition of gravel across all treatments (N =
10). *significant at the per-contrast error rate (alpha = 0.05); **significant after
correcting for multiple comparisons
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Figure 7. Mean (S. E.) percent composition of fines across all treatments (N =
10). No contrasts were significant.
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Figure 8. Mean (S. E.) standing crop (g per m?) across all vegetated
treatments (N = 10).
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Figure 9. Mean (S. E.) short shoot density (shoots per m?) across all
vegetated treatments (N = 10).
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Figure 10. Mean (S. E.) leaf area index (m? per m?) across all vegetated
treatments (N = 10).
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Figure 11. Mean (S. E.) total fauna abundance (# per m?) across all
treatments (N = 10). **significant after correcting for multiple comparisons



3.d Fauna

Propeller scars supported significantly fewer numbers of total animals
when compared with the surrounding seagrass (Table 2 and 3, Figure 11).

In addition, the edge and 5 m treatments contained significantly fewer animals
than the 10 m treatment (Table 3, Figure 11). Significantly fewer species were
found in scars versus the other treatments (Table 3, Figure 12). Species
numbers did not differ significantly between the edge, 5 m, and 10 m treatments
(Table 3, Figure 12). There was no significant interaction between treatment and
and the 13 most abundant taxa (Table 4, Figures 13, 14, 15, and 16).

3.d.1. Shrimps

A total of fourteen species of shrimps (Decapoda) were collected (Table
5). The total number of shrimps per m? was significantly lower in the scar habitat
type when compared to the edge, 5 m, and 10 m treatments (Tables 6 and 7,
Figure 17). No other treatment comparisons were significantly different (Table
7).

Five species accounted for 93.0 % of the total number of shrimps: Thor
manningi (24.5 %), Hippolyte zostericola / pleuracanthus (22.9 %), Alpheus
normanni (19.5 %), Periclimenes americanus (13.4 %), and Latreutes fucorum
(12.7 %; Table 5). The most abundant shrimp species was T. manningi with a
total average density of 71.4 individuals per m? across all treatments (Table 6).
T. manningi had significantly higher densities in the edge, 5 m, and 10 m

treatments versus the scar (Table 7, Figure 18).
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Figure 12. Mean (S. E.) number of species (# per 0.25 m?) across all
treatments (N = 10). **significant after correcting for multiple comparisons



Table 4. Results of the two-way ANOVA testing for the interaction of treatment

and taxa. * indicates significance

Source df SS
block 9 13.60
treatment 3 21.56
taxa 12 55.09
treatment x taxa 36 13.10
error 459 1214

total 519 224.8

MS

1.51

7.19

4.59

0.36

0.26

F value

5.71

2717

17.35

1.38

P value

<0.0001*

<0.0001*

<0.0001*

0.0764
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Figure 13. Rank abundance for all animals in scars. Hippolyte zostericola
/ pleuracanthus is abbreviated as “Hippolyte z / p’.
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Figure 14. Rank abundance for all animals in edges. Hippolyte
zostericola / pleuracanthus is abbreviated as “Hippolyte z / p”.
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Figure 15. Rank abundance for all animals in the 5 m treatments.
Hippolyte zostericola / pleuracanthus is abbreviated as “Hippolyte z / p’.
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Figure 16. Rank abundance for all animals in the 10 m treatments.
Hippolyte zostericola / pleuracanthus is abbreviated as “Hippolyte z / p’.



Table 5. Number and percent composition of shrimps collected across all
treatments.

Shrimp Taxon # Individuals  Percent
Thor manningi 137 24.5
Hippolyte zostericola / pleuracanthus® 128 22.9
Alpheus normanni 109 19.5
Periclimenes americanus 75 13.4
Latreutes fucorum 71 12.7
Trachypenaeus sp. 14 2.5
Processa bermudensis 12 21
Leander tenuicornis 6 1.1
Latreutes parvulus 2 04
Tozeuma carolinense 2 0.4
Sicyonia laevigata 1 0.2
Farfantepenaeus duorarum 1 0.2
Metapenaeopsis goodei 1 0.2
Total Shrimps 559

"treated as a complex of the two species (Gore et al., 1981)



Table 6. Mean (S. E.) number of shrimps per m? within each treatment (N =10).

Shrimp Taxon scar edge 5m 10 m

Thor manningi 1.6 25.0 15.5 29.3
(1.6) (6.5) (5.1) (10.1)

Hippolyte zostericola / pleuracanthus® 1.6 21.3 17.1 28.3
(1.1) (10.5) (6.0) (21.9)
Alpheus normanni 8.0 12.3 19.7 18.1

3.0) (54) (41)  (7.0)

Periclimenes americanus 4.3 12.3 9.1 14.4
(2.1) (5.2) (2.6) (6.3)

Latreutes fucorum 1.1 14.4 13.9 8.5
(0.7) (46) (4.3) (4.2)

Pooled Shrimps'™ 6.9 4.3 2.7 6.9
(3.00 (1.7) (1.2) (1.1)

Total Shrimps 23.5 89.6 780  105.5

4.5) (21.2) (14.7) (20.0)
treated as a complex of the two species (Gore et al., 1981)

Mincludes:  Trachypenaeus sp.
Processa bermudensis
Metapenaeopsis goodei
Farfantepenaeus duorarum
Sicyonia laevigata
Leander paulensis
Tozeuma carolinense
Latreutes parvulus
Leander tenuicornis



Table 7. P-values resulting from paired, two-tailed t-tests comparing differences
in mean number of shrimps per m? between pairs of treatments. *significant at
the per-contrast error rate (alpha = 0.05); **significant after correcting for multiple
comparisons

Shrimp Taxon scar-- scar-- scar-- edge-- edge-- 5m--
edge 5m 10 m 5m 10 m 10 m

Thor manningi  0.001**  0.027* <0.0001** 0.104 0.850  0.141

Hippolyte
zostericola / 0.006** 0.008**  0.0004** 0.616 0.197 0.154
pleuracanthus’

Alpheus 0.564 0.023* 0.252 0.238 0.066 0.824
normanni

Periclimenes

americanus 0.173 0.151 0.116 0.901 0.616 0.454
Latreutes 0.029* 0.013* 0.075 0.746 0.570 0.431
fucorum

Pooled 0.213 0.122 0.399 0.434 0.030* 0.005**
Shrimps™

Total Shrimps ~ 0.006**  0.002**  0.002** 0.506 0.236 0.126
Ttreated as a complex of the two species (Gore et al., 1981)

Mincludes:  Trachypenaeus sp.
Processa bermudensis
Metapenaeopsis goodei
Farfantepenaeus duorarum
Sicyonia laevigata
Leander paulensis
Tozeuma carolinense
Latreutes parvulus
Leander tenuicornis
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Figure 17. Mean (S. E.) shrimp abundance (# per m?) across all
treatments (N = 10). ** significant after correcting for multiple
comparisons.
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Figure 18. Mean (S. E.) Thor manningi abundance (# per m?) across all
treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05); **significant after correcting for multiple comparisons
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Figure 19. Mean (S. E.) Hippolyte zostericola / pleuracanthus abundance
(# per m?) across all treatments (N = 10). **significant after correcting for
multiple comparisons



Hippolyte zostericola / pleuracanthus was the second most abundant
shrimp species with a total average density of 68.3 individuals per m?
across all treatments (Table 6). These densities were significantly lower in the
scar versus the other three treatments (Table 7, Figure 19).

Individuals of the species Alpheus normanni accounted for 19.5 % of the
total number of shrimps (Table 5). Mean densities of A. normanni ranged from
8.0 shrimps per m? in the scar to 19.1 shrimps per m? in the 5 m treatment (Table
6). Densities of this shrimp species were not significantly lower in the scar
when compared to the edge and 10 m treatments, but were significantly different
between the scar and 5 m treatments (Table 7, Figure 20).

Periclimenes americanus was the fourth most abundant shrimp species
with a total mean density of 40.1 individuals per m? across all treatments (Table
6). There were no significant differences in P. americanus densities among any
of the treatments (Table 7, Figure 21).

Latreutes fucorum accounted for 12.7 % of the total number of shrimps
(Table 5). There were significantly lower numbers of L. fucorum in the scar
versus the edge and 5 m treatments, but no significant difference between the
scar and 10 m treatments (Table 7, Figure 22). No other contrasts were
significantly different for this species.

Because of very low densities, data for the remaining eight shrimp taxa
were pooled. Only the edge-10 m and the 5 m-10 m comparisons yielded

significant differences (Table 7, Figure 23).
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Figure 20. Mean (S. E.) Alpheus normanni abundance (# per m?) across
all treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05)



2

=

= 25-

3

3

S 20 T
S _

S

S 15

7]

£

2 10 |

S 1 | :
$ 51 |

5 I

g 0

=

scar | edge | 5m | 10m

Figure 21. Mean (S. E.) Periclimenes americanus abundance (# per m?)
across all treatments (N = 10). No contrasts were significant.
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Figure 22. Mean (S. E.) Latreutes fucorum abundance (# per m?) across
all treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05)
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Figure 23. Mean (S. E.) abundance of pooled shrimps (# per m?) across
all treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05); **significant after correcting for multiple comparisons
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Figure 24. Percent composition of all shrimps across all treatments.
Means are presented.



Shrimp assemblages in scars differed from the adjacent seagrass (Figure
24). Thor manningi and Hippolyte zostericola / pleuracanthus, dominant
seagrass occupants, were not as proportionally abundant in the scars as in the
seagrass habitat types. Individuals of Alpheus normanni, Trachypenaeus sp.,
and Periclimenes americanus formed the highest proportion of shrimps in
propeller scars (Figure 25). Rank abundance plots indicate low evenness across
all habitat types although scars were somewhat more even than seagrass habitat
(Figures 25, 26, 27, and 28).
3.d.2. Fishes

A total of 26 fishes comprising six species were collected with densities
ranging from 2.6 to 5.3 fish per m? (Tables 8 and 9). Two species accounted for
76.9 % of the total fish: Malacotenus macropus (53.8 %) and Bathygobius
curacao (23.1 %; Table 8). For total number of fishes, only the comparison of
the edge and 10 m treatments was significantly different (Table 10, Figure 29).

Malacotenus macropus represented 53.8 % of the total fish collected
(Table 8). There were no significant differences in M. macropus densities among
any of the treatments (Table 10, Figure 30).

Bathygobius curacao comprised 23.1 % of the fish collection (Table 8).
There were no significant differences in B. curacao densities among any of the
treatments (Table 10, Figure 31).

None of the pooled fish species were collected from the edge treatments

(Table 9). As such, by definition, edge treatments differed significantly from the
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Figure 25. Rank abundance for shrimps in scars. Hippolyte zostericola /
pleuracanthus is abbreviated as “Hippolyte z / p”.



W
o
|

2

N
()]

N
o
|

Mean # Shrimps / m
2 3

Figure 26. Rank abundance for shrimps in edges. Hippolyte zostericola /
pleuracanthus is abbreviated as “Hippolyte z / p”.



10-

Mean # Shrimps / m
G

Figure 27. Rank abundance for shrimps in the 5 m treatments.
Hippolyte zostericola / pleuracanthus is abbreviated as “Hippolyte z / p”.



30+

N
€ 251
—
72
g— 20 -
E
o 151
+
c
c 10
(]
=
5.
O 00O
SR SRS SN AR I R S
RN I S e@Q & & S
S S FLFLFESTNTNL S
FHTSTFTITOTITFS EE 0
& o S P L EL PP P
,(0 QN\Q QQO 09 'bo 0& bé QAQ &® 0& *OQ 0\) 00
AP R K R I P\
NEF PP PP D F P
\(}\ ‘o A% «O 0\0 é(b
& R &

Figure 28. Rank abundance for shrimps in the 10 m treatments.
Hippolyte zostericola / pleuracanthus is abbreviated as “Hippolyte z / p”.



Table 8. Number and percent composition of fishes collected across all
treatments.

Fish Taxon # Individuals Percent
Bathygobius curacao 14 53.8
Malacotenus macropus 6 23.1
Gobionellus saepepallans 2 7.7
F. Gobiidae 1 3.9
Coryphopterus sp. 1 3.9
Bryx dunckeri 1 3.9
Sparisoma sp. 1 3.9

Total Fishes 26



Table 9. Mean (S. E.) number of fishes per m? within each treatment (N =10).

Fish Taxon scar edge 5m 10 m
Malacotenus macropus 0.5 0.5 1.6 0.5
(0.5) (0.5) (1.1) (0.5)
Bathygobius curacao 1.1 2.1 1.1 3.7
(0.7) (2.1) (1.1) (2.7)
Pooled Fishes' 1.6 0 0.5 1.1
(1.1) (0) (0.5) (0.7)
Total Fishes 3.2 2.6 3.2 5.3
(1.4) (2.1) (1.4) (2.7)

fincludes:  F. Gobiidae
Coryphopterus sp.
Bryx dunckeri
Gobionellus saepepallans
Sparisoma sp.



Table 10. P-values resulting from paired, two-tailed t-tests comparing
differences in mean number of fishes per m? between pairs of treatments.

*significant at the per-contrast error rate (alpha = 0.05); N/A = insufficient data
to run analysis

Fish Taxon
Malacotenus
macropus

Bathygobius
curacao

Pooled
Fishes'

Total Fishes

Tincludes:

scar-- scar-- scar--
edge 5m 10 m
1.000 0.500 1.000
1.000 1.000 0.500
N/A 0.675 0.139
0.722 1.000 0.434
F. Gobiidae

Coryphopterus sp.

Bryx dunckeri
Gobionellus saepepallans
Sparisoma sp.

edge--
5m
0.750
1.000

N/A

0.777

edge--

10 m

1.000

0.500

N/A

0.037*

5 m--

10 m

0.750

0.500

0.140

0.541
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Figure 29. Mean (S. E.) abundance of fishes (# per m?) across all
treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05)
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across all treatments (N = 10). No contrasts were significant.
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Figure 31. Mean (S. E.) Bathygobius curacao abundance (# per m?)
across all treatments (N = 10). No contrasts were significant.
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remaining treatments. There were no significant differences among the
remaining treatments (Table 10, Figure 32). All treatments were dominated by
Bathygobius curacao and Malacotenus macropus (Figure 33).
3.d.3. Crabs

A total of 369 crabs were collected from among all treatments (Table
11). Brachyurans dominated, comprising 68.0 % of the total crabs collected
(Table 11). Total crab densities ranged from 29.9 individuals per m? in the scar
to 83.2 individuals per m? in the 10 m treatment (Table 12). There were
significantly lower numbers of total crabs in the scar, edge and 5 m treatments
than in the 10 m treatment (Table 13, Figure 34). Brachyuran densities were
significantly lower in the scar and 5 m treatments than in the 10 m treatment
(Table 13, Figure 35). Anomuran densities exhibited no significant differences
across treatments (Table 13, Figure 36).
3.d.4. Molluscs

A total of 460 molluscs comprised of 30 species were collected (Table
14). The total average density was 245.3 individuals per m? (Table 15). Mollusc
density was significantly lower in the scar relative to the other treatments (Table
16, Figure 37). In addition, mollusc densities in the edge and 5 m treatments
were significantly lower than in the 10 m treatment (Table 16, Figure 37).

Four species accounted for 60.7 % of total molluscs: Cerithium eberneum
(32.0 %), Cerithiopsis greeni (10.4 %), Modulus modulus (9.6 %), and Tricolia

bella (8.7 %, Table 14). Only the scar-10 m comparison was significantly



Table 11. Number and percent composition of crabs collected across all
treatments.

Crab Taxon # Individuals Percent
Brachyura 251 68.0
Anomura 118 32.0

Total Crabs 369



Table 12. Mean (S. E.) number of crabs per m? within each treatment (N = 10).

Crab Taxon scar edge
Brachyura 22.9 (7.3) 31.0 (9.1)
Anomura 7.0(4.1) 8.5 (9.3)
Total Crabs 29.9 (10.8) 39.5 (10.6)

5m 10 m
31.5 (5.1) 485 (7.2)
12.8 (14.2)  34.7 (14.9)
44.3 (7.6) 83.2 (13.7)



Table 13. P-values resulting from paired, two-tailed t-tests comparing
differences in mean number of crabs per m? between pairs of treatments.
*significant at the per-contrast error rate (alpha = 0.05); **significant after
correcting for multiple comparisons

Crab Taxon scar-- scar-- scar-- edge-- edge-- 5 m--

edge 5m 10 m 5m 10 m 10 m
Brachyura 0.505 0.359 0.041* 0.952 0.092 0.023*
Anomura 0.364 0.489 0.074 0.971 0.148 0.074

Total Crabs 0.457 0.261 0.020* 0.711 0.031*  0.003**
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Figure 34. Mean (S. E.) crab abundance (# per m?) across all treatments
(N =10). *significant at the per-contrast error rate (alpha = 0.05);
**significant after correcting for multiple comparisons
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Figure 35. Mean (S. E.) Brachyuran abundance (# per m?) across all
treatments. *significant at the per-contrast error rate (alpha = 0.05)
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Figure 36. Mean (S. E.) Anomuran abundance (# per m?) across all treatments
(N =10). No contrasts were significant.



Table 14. Number and percent composition of molluscs collected across all
treatments.

Mollusc Taxon # Individuals Percent
Cerithium eberneum 147 32.0
Cerithiopsis greeni 48 104
Modulus modulus 44 9.6
Tricolia bella 40 8.7
Tegula fasciata 27 5.9
Acmaea sp. 22 4.8
Anachis pulchella 19 4.1
Nassarius albus 17 3.7
Turbo castanea 16 3.5
Ischnochiton sp. 14 3.0
Smaragdia viridis 14 3.0
Arene tricarinata 10 2.2
Bulla striata 7 1.5
Acanthochitona pygmaea 6 1.3
Crepidula convexa 5 1.1
Crassinella guadalupensis 4 0.9
Diodora sp. 2 04
Cerithium litteratum 2 0.4

Columbella mercatoria 2 04



Table 14. Con't.
Mollusc Taxon
Engoniophos unicinctus
Olivella floralia
Fissurella sp.
Brachiodontus exustus
F. Columbellidae

F. Turridae
Antillophos sp.

Arene sp.

Astraea phoebia
Conus jaspidus
Cerithiopsis emersoni
Leucozonia sp.

Total Molluscs

# Individuals

2

2

460

Percent

0.4

0.4

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2
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Figure 37. Mean (S. E.) mollusc abundance (# per m?) across all
treatments (N = 10). **significant after correcting for multiple comparisons



Table 15. Mean (S. E.) number of molluscs per m? within each treatment

(N =10).
Mollusc Taxon scar edge
Cerithium eberneum 4.8 229
(3.2) (16.1)
Cerithiopsis greeni 0 7.5
(0) (2.3)
Modulus modulus 1.1 53
(0.7) (2.5)
Tricolia bella 0.5 4.8
(0.5) (1.5)
Pooled Molluscs’ 4.8 27.2
(1.9) (10.7)
Total Molluscs 11.2 67.7
4.1) (30.2)

Tincludes:  Tegula fasciata
Acmaea sp.
Anachis pulchella
Nassarius albus
Turbo castanea
Ischnochiton sp.
Smaragdia viridis
Arene tricarinata
Bulla striata
Acanthochitona pygmaea
Crepidula convexa
Crassinella guadalupensis
Diodora sp.
Cerithium litteratum

5m 10 m
24.1 26.6
(14.2) (13.5)
1.7 6.4

(9.5) (2.5)
6.4 10.7
(3.5) (3.0)
8.5 7.5

(4.6) (2.3)
26.1 38.4
(5.9) (6.6)
76.8 89.6

(34.5) (20.6)

Columbella mercatoria
Engoniophos unicinctus
Olivella floralia
Fissurella sp.
Brachiodontus exustus
F. Columbellidae

F. Turridae
Antillophos sp.

Arene sp.

Astraea phoebia
Conus jaspidus
Cerithiopsis emersoni
Leucozonia sp.



Table 16. P-values resulting from paired, two-tailed t-tests comparing

differences in mean number of molluscs per m? between pairs of treatments.

*significant at the per-contrast error rate (alpha = 0.05); **significant after
correcting for multiple comparisons; N/A = insufficient data to run analysis

Mollusc
Taxon

Cerithium
eberneum

Cerithiopsis
greeni

Modulus
modulus

Tricolia bella

Pooled
Molluscs’

Total Molluscs

Tincludes:

scar-- scar--
edge 5m
0.109 0.197
N/A N/A
0.094 0.295
0.006** 0.016*
0.0008** 0.001**
0.0002** 0.0009**

Tegula fasciata

Acmaea sp.

Anachis pulchella
Nassarius albus

Turbo castanea
Ischnochiton sp.
Smaragdia viridis

Arene tricarinata

Bulla striata
Acanthochitona pygmaea
Crepidula convexa
Crassinella guadalupensis
Diodora sp.

Cerithium litteratum

scar-- edge-- edge--

10 m 5m 10 m

0.031* 0.866 0.360

N/A 0.169 0.280

0.002** 0.586 0.094

0.003** 0.857 0.558
0.0009**  0.409 0.078
0.0002**  0.691 0.014**

Columbella mercatoria
Engoniophos unicinctus
Olivella floralia
Fissurella sp.
Brachiodontus exustus
F. Columbellidae

F. Turridae
Antillophos sp.

Arene sp.

Astraea phoebia
Conus jaspidus
Cerithiopsis emersoni
Leucozonia sp.

5 m--

10 m

0.132

0.408

0.057

0.663

0.034*

0.020**
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Figure 38. Mean (S. E.) Cerithium eberneum abundance (# per m?)
across all treatments (N = 10). *significant at the per-contrast error rate
(alpha = 0.05)



different for Cerithium eberneum (Table 16, Figure 38). No individuals of
Cerithiopsis greeni were collected from scar habitat, versus an average of 25.6
individuals per m? in the other three treatments (Table 15, Figure 39). Although
direct testing was not possible, by definition, all comparisons involving the scar
treatment were significant. Modulus modulus, the third most abundant mollusc,
had significantly lower densities in scars when compared to the 10 m treatment
(Table 16, Figure 40). Finally, Tricolia bella densities were significantly lower in
the scar versus all other treatments (Table 16, Figure 41).

The remaining 26 species accounted for 39.0 % of the total molluscs
(Table 14). Pooled mollusc densities ranged from 4.8 individuals per m? in the
scar to 38.4 individuals per m? in the 10 m treatment (Table 15). Scar densities
of pooled molluscs were significantly lower than densities in the other treatments,
and densities in the 5 m treatment were significantly lower than densities in the

10 m treatment (Table 16, Figure 42).
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Figure 39. Mean (S. E.) Cerithiopsis greeni abundance (# per m?) across
all treatments (N = 10).
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Figure 40. Mean (S. E.) Modulus modulus abundance (# per m?) across
all treatments (N = 10). **significant after correcting for multiple
comparisons
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Figure 41. Mean (S. E.) Tricolia bella abundance (# per m?) across all
treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05); **significant after correcting for multiple comparisons
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Figure 42. Mean (S. E.) abundance of pooled molluscs (# per m?) across
all treatments (N = 10). *significant at the per-contrast error rate (alpha =
0.05); **significant after correcting for multiple comparisons



4. DISCUSSION

Just as naturally occurring sand substrates contain fewer total fauna and
fewer species than adjacent vegetated areas, so do bare sand gaps created by
propeller scarring (but see Young and Young, 1982). These differences are
reflected in certain faunal groups as well. Shrimps and molluscs, more often
directly associated with seagrass blades, exhibit significantly reduced
abundances in propeller scars. Propeller scarring removes seagrass blades, the
preferred habitat of these organisms, and thus fewer individuals of these taxa are
found in scars. Additionally, my data suggest that scars act as barriers for lower
mobility taxa such as shrimps and molluscs. In contrast, for more mobile fauna,
scars do not present a significant boundary to movement. Highly mobile species
may be less sensitive to boundaries and patch configuration (Wiens et al., 1985;
Kotliar and Wiens, 1990; Wiens, 1992) which appears to be the case for some
seagrass fauna (Holmquist, 1998). The relatively mobile fishes in this study may
not have responded to scars as unsuitable habitat, perhaps as a result of the
small scale of these gaps. Some studies have found similar patterns for
naturally occurring sand substrates versus vegetated areas (Hanekom and
Baird, 1984; Heck and Thoman, 1984, Bell and Westoby, 1986; Connolly, 1994b)
which are contrary to the majority of studies that have examined seagrass fish
distributions (Sogard et al., 1987; Bell and Pollard, 1989; Sogard and Able, 1991;
Connolly, 1994a; Edgar and Shaw, 1995).

Although faunal communities in scars and the surrounding seagrass

include similar taxa, scarring can modify species dominance for certain



numerically abundant taxa. For example, shrimp species known to utilize the
blades of seagrass plants, such as Thor manningi and Hippolyte zostericola /
pleuracanthus, dominated seagrass edge and interior treatments but showed
significantly decreased abundances in scars. In the scars, Alpheus normanni
and Trachypenaeus sp., often associated with bare sand patches (Holmquist,
1992), were the most abundant shrimps.

Although propeller scarring had no effect on species richness in the
surrounding seagrass, there was a negative response for total fauna abundance,
and the abundances of crabs and molluscs, up to a distance of 5 m from scars.
Similar declines have been reported from edges of fragmented forests (Ozanne
et al., 1997; Stevens and Husband, 1998). Stevens and Husband (1998)
observed decreased numbers of small mammal species at edges of forest
fragments in the Brazilian Atlantic forest, with declines penetrating up to 160 m
for some taxa. In a temperate forest of Buckinghamshire, Great Britain, Ozanne
et al. (1997) found significantly decreased arthropod densities at fragmented
forest edges, which extended 25 m into the forest for some taxa. The authors
attribute these declines to microclimate variation and increased predation
pressure at edges (Ozanne et al., 1997; Stevens and Husband, 1998). In
addition, vegetation structure at fragmented forest edges differs from that of the
interior which may play a role in structuring faunal communities (Lovejoy et al.,
1986; Williams-Linera, 1990).

Faunal species numbers and abundances increase with increasing

seagrass biomass and density, suggesting that faunal abundance may reflect



changes in seagrass structure (Orth, 1973, 1977; Heck and Wetstone, 1977;
Brook, 1978; Heck and Orth, 1980; Stoner, 1980a, 1980b, 1983b; Lewis, 1984
Stoner and Lewis, 1985; Bell and Westoby, 1986). However, in the present
study, seagrass density and biomass at edges did not differ from seagrass at 5
m and 10 m distance. Dawes et al. (1997) also found no significant differences
in number of T. testudinum short shoots (in addition to blade morphology and
productivity) between seagrass fringing a propeller scar and seagrass located 1-
2 m from a scar. These findings are contrary to studies of natural seagrass bed
edges where peripheral plant density and biomass are lower than bed interiors
(Zieman, 1972; Orth, 1977; Thayer and Fonseca, 1984; Duarte and Sand-
Jensen, 1990; Bologna, 1998; Nakaoka and Aioi, 1999) and do not support the
argument that faunal distributions reflect seagrass structural differences.

Fine sediments are known to accumulate in the interior portions of
seagrass beds (Scoffin, 1970; Orth, 1977; Almasi et al., 1987). Interestingly, the
seagrass interior treatments in the present study did not show increased
percentages of fines relative to the other treatments. Similar results are reported
from Tampa Bay, Florida grass beds where sediment particle sizes did not differ
significantly between seagrass fringing a scar and seagrass at some distance
from the scar (Dawes et al., 1997). Finer sediments may be immediately blown
from the scar upon the initial cut of the propeller, leaving behind higher
proportions of gravel versus the surrounding seagrass as seen in the present
study. Additionally, fines may be more easily eroded from scars without the

sediment trapping effect of seagrass.



The presence of bare patches (i.e. propeller scars) within a continuous
seagrass meadow alters the velocity of water moving across the meadow
(Fonseca, pers. comm). The increased water motion observed at the immediate
edges of scars is consistent with previous research on seagrass flow dynamics
(Fonseca et al., 1983). Water velocity decreases as the scar is passed over,
increases at the immediate scar/seagrass edge, and decreases progressively as
the water moves through continuous grass and is dampened (Fonseca et al.,
1983; Fonseca, pers. comm.).

Changes in predation rates at edges may play a part in structuring the
distribution of crabs and molluscs. Increased edge associated with forest
fragmentation has been implicated in high bird nest predation rates (Andrén et
al., 1985; Andrén, 1992). In the marine environment, high rates of predation on
juvenile scallops were observed in very patchy seagrass (increased edges) in
North Carolina (Irlandi et al., 1995). Additionally, increased numbers of
predatory fishes were found at salt marsh edges, (Peterson and Turner, 1994;
Kneib, 2000) and these predators utilized unvegetated channels in the marsh as
alley ways. Perhaps a similar activity occurs in propeller scars, with larger
predatory fishes utilizing scars as alleys, with quick forays into the fringing
seagrass to feed. Larger fishes, such as snapper, were observed in scars,
especially scars with exposed rhizomes at the margins (pers. obs.).

The results of my study have direct applicability to issues raised regarding
the assessment of seagrass injuries. My results show that ecological changes

resulting from propeller scarring are not limited to the footprint of the scar, but



can extend some distance away from the scar depending upon the faunal taxa
under consideration. At a distance of 5 m from a single propeller scar, crab and
mollusc densities are negatively affected. In areas with multiple scarring, there is
the potential for these sensitive taxa to be driven out if the distance between
scars is less than 5 m. When considering restoration of damaged beds to pre-
injury conditions, the distributions of fauna in comparable undisturbed areas
must first be established. Secondly, it must be determined which species are
impacted negatively and to what extent. Restoration efforts should then seek to
ameliorate these effects by restoring damaged areas in such a way that the
amount of optimal habitat is maximized (i.e. pre-injury distributions can be
maintained).

This study addresses issues pertaining to single propeller scar
disturbances. In contrast, when areas become riddled with scars, there is
proportionally less seagrass coverage, biomass, and productivity and more edge
habitat. Bed edges erode, leading to increased sediment suspension, and
current flow can be radically altered (Walker et al., 1989; Fonseca, 1996). Given
that current patterns and velocities have the potential to shape seagrass beds
(Fonseca et al., 1983), continual scarring may further degrade and restructure
the bed, leading to fragmentation of a once continuous meadow (Walker et al.,
1989). Long-term bed persistence and physical integrity are jeopardized.

Future research should include the examination of distributions of a wider variety

of species in more heavily scarred areas at larger spatial and longer time scales.



5. LITERATURE CITED

Almasi, M., C. Hoskin, J. Reed, and J. Milo. 1987. Effects of natural and
artificial Thalassia on rates of sedimentation. J. Sediment. Petrol.
57:901-906.

Andrén, H. 1992. Corvid density and nest predation in relation to forest
fragmentation: a landscape perspective. Ecology 73:794-804.

Andrén, H., P. Angelstam, E. Lindstrom, and P. Widén. 1985. Differences in
predation pressure in relation to habitat fragmentation: an experiment.
Oikos 45:273-277.

Barkai, A. 1991. The effect of water movement on the distribution and
interaction of three holothurian species on the South African west coast.
J. Exp. Mar. Biol. Ecol. 153:241-251.

Bell, J. D. and M. Westoby. 1986. Abundance of macrofauna in dense
seagrass is due to habitat preference, not predation. Oecologia 68:205-
209.

Bell, J. D. and D. A. Pollard. 1989. Ecology of fish assemblages and fisheries
associated with seagrasses. In: A. W. D. Larkum, A. J. McComb, and S.
Shepherd (eds.). Biology of seagrasses: a treatise on the biology of
seagrasses with special reference to the Australian region, pp. 565-609.
Elsevier, Amsterdam.

Bologna, P. A. X. 1998. The effects of seagrass habitat architecture on
associated fauna. PhD. Dissertation, University of South Alabama,

225 pp.

Bologna, P. A. X. and K. L. Heck, Jr. 2000. Impacts of seagrass habitat
architecture on bivalve settlement. Estuaries 23:449-457.

Brook, I. M. 1978. Comparative macrofaunal abundance in turtlegrass
(Thalassia testudinum) communities in south Florida characterized by
high blade density. Bull. Mar. Sci. 28:212-217.

Butman, C. A. 1987. Larval settlement of soft-sediment invertebrates: the
spatial scales of pattern explained by active habitat selection and the
emerging role of hydrological processes. Oceanogr. Mar. Biol. Annu.
Rev. 25:113-165.

Carpenter, S. R. and D. M. Lodge. 1986. Effects of submersed macrophytes
on ecosystem processes. Aquat. Bot. 26:341-370.

Connell, J. H. and M. J. Keough. 1985. Disturbance and patch dynamics of
subtidal marine animals on hard substrata. In: S. T. A. Pickett and P. S.
White (eds.). The ecology of natural disturbance and patch dynamics, pp.
125-151. Academic Press, New York.

Connolly, R. M. 1994a. A comparison of fish assemblages from seagrass and
unvegetated areas of a southern Australian estuary. Aust. J. Marine
Freshw. Res. 45:1033-1044.

Connolly, R. M. 1994b. Removal of seagrass canopy: effects on small fish and
their prey. J. Exp. Mar. Biol. Ecol. 184:99-110.

Connolly, R. M. 1997. Differences in composition of small, motile invertebrate



assemblages from seagrass and unvegetated habitats in a southern
Australian estuary. Hydrobiologia 346:137-148.

Dawes, C. J., J. Andorfer, C. Rose, C. Uranowski, and N. Ehringer. 1997.
Regrowth of the seagrass Thalassia testudinum into propeller scars.
Aquat. Bot. 59:139-155.

Dollar, S. J. and G. W. Tribble. 1993. Recurrent storm disturbance and
recovery: a long-term study of coral communities in Hawaii. Coral Reefs
12:223-233.

Doty, M. S. 1971. Measurement of water movement in reference to benthic
algal growth. Bot. Mar. 14:32-35.

Downie, I. S., J. C. Coulson, and E. L. Butterfield. 1996. Distribution and
dynamics of surface-dwelling spiders across a pasture-plantation ecotone.
Ecography 19:29-40.

Duarte, C. M. and K. Sand-Jensen. 1990. Seagrass colonization: biomass
development and shoot demography in Cymodocea nodosa patches.
Mar. Ecol. Prog. Ser. 67:97-103.

Edgar, G. J. 1990. The influence of plant structure on the species richness,
biomass and secondary production of macrofaunal assemblages
associated with Western Australia seagrass beds. J. Exp. Mar. Biol. Ecol.
137:215-240.

Edgar, G. J. and C. Shaw. 1995. The production and trophic ecology of
shallow-water fish assemblages in southern Australia lll. General
relationships between sediments, seagrasses, invertebrates, and fishes.
J. Exp. Mar. Biol. Ecol. 194:197-231.

Edgar, G. J., C. Shaw, G. F. Watson, and L. S. Hammond. 1994. Comparisons
of species richness, size-structure and production of benthos in vegetated
and unvegetated habitats in Western Port, Victoria. J. Exp. Mar. Biol.
Ecol. 176:201-226.

Folk, R. L. 1974. Petrology of sedimentary rocks. Hemphill Publishing
Company, Austin, Texas, 182 pp.

Fonseca, M. S. 1994. A guide to transplanting seagrasses in the Gulf of
Mexico. Sea Grant College Program TAMU-SG-94-601. Texas A & M
University, College Station, Texas. 25 pp.

Fonseca, M. S. 1996. The role of seagrass in nearshore sedimentary
processes: a review. In: K. F. Norstrom and C. J. Roman (eds.).
Estuarine shores. Evolution, environment, and human alteration, pp. 261-
286. John Wiley and Sons, Ltd., London.

Fonseca, M. S., J. S. Fisher, J. C. Zieman, and G. W. Thayer. 1982. Influence
of the seagrass, Zostera marina L., on current flow. Estuar. Coast. Shelf
Sci. 15:351-364.

Fonseca, M. S., J. C. Zieman, G. W. Thayer, and J. S. Fisher. 1983. The role of
current velocity in structuring eelgrass (Zostera marina L.) meadows.
Estuar. Coast. Shelf. Sci. 17:367-380.

Forman, R. T. 1995. Land mosaics: the ecology of landscapes and regions.
Cambridge University Press, Cambridge, England. 632 pp.



Forman, R. T. T. and M. Godron. 1981. Patches and structural components for
a landscape ecology. Bioscience 31:733-740.

Frost, M. T., A. A. Rowden, and M. J. Attrill. 1999. Effect of habitat
fragmentation on the macroinvertebrate infaunal communities associated
with the seagrass Zostera marina L. Aquat. Conserv. Mar. Freshwat.
Ecosyst. 9:255-263.

Gascon, C., B. Williamson, and G. A. B. da Fonseca. 2000. Receding forest
edges and vanishing reserves. Science 288:1356-1358.

Gleason, H. A. 1926. The individualistic concept of the plant association. Bull.
Torrey Bot. Club 53:7-26.

Gore, R. H., E. E. Gallaher, L. E. Scotto, and K. A. Wilson. 1981. Studies on
decapod Crustacea from the Indian River region of Florida. XI.
community composition, structure, biomass and species-areal
relationships of seagrass and drift algae-associated macrocrustaceans.
Estuar. Coast. Shelf Sci. 12:485-508.

Gotceitas, V., S. Fraser, and J. A. Brown. 1997. Use of eelgrass beds (Zostera
marina) by juvenile Atlantic cod (Gadus morhua). Can. J. Fish. Aquat.
Sci. 54:1306-1319.

Hanekom, N. and D. Baird. 1984. Fish community structure in Zostera and non-
Zostera regions of the Kromme Estuary, St. Francis Bay. S. Afr. J. Zool.
19:295-301.

Harmelin-Vivien, M. L. and P. Laboute. 1986. Catastrophic impact of hurricanes
on atoll outer reef slopes in the Tuamotu (French Polynesia). Coral Reefs
5:55-62.

Hartley, H. O. 1950. The maximum F-ratio as a short test for heterogeneity of
variances. Biometrika 37:308-312.

Hastings, K., P. Hesp, and G. A. Kendrick. 1995. Seagrass loss associated with
boat moorings at Rottnest Island, Western Australia. Ocean Coast.
Manage. 26:225-246.

Heck, Jr, K. L. and R. J. Orth. 1980. Seagrass habitats: the roles of habitat
complexity, competition and predation in structuring associated fish and
motile macroinvertebrate assemblages. In: V. S. Kennedy (ed.).
Estuarine Perspectives, pp. 449-464. Academic Press Inc., New York.

Heck, Jr., K. L. and T. A. Thoman. 1984. The nursery role of seagrass
meadows in the upper and lower reaches of the Chesapeake Bay.
Estuaries 7:70-92.

Heck, Jr, K. L. and G. S. Wetstone. 1977. Habitat complexity and invertebrate
species richness and abundance in tropical seagrass meadows. J.
Biogeogr. 4:135-141.

Hobbs, R. J. and H. A. Mooney. 1985. Community and population dynamics of
serpentine grassland animals in relation to gopher disturbance.
Oecologia 67:342-351.

Holm, S. 1979. A simple sequentially rejective multiple test procedure. Scand.
J. Stat. 6:65-70.

Holmquist, J. G. 1992. Disturbance, dispersal, and patch insularity in a marine



benthic assemblage: Influence of a mobile habitat on seagrasses and
associated fauna. Ph.D. Dissertation, Florida State University,
Tallahassee, Florida, 176 pp.

Holmquist, J. G. 1997. Disturbance and gap formation in a marine benthic
mosaic: influence of shifting macroalgal patches on seagrass structure
and indirect effects on mobile invertebrates. Mar. Ecol. Prog. Ser.
158:121-130.

Holmquist, J. G. 1998. Permeability of patch boundaries to benthic
invertebrates: influences of boundary contrast, light level, and faunal
density and mobility. Oikos 81:558-566.

Homziak, J., M. S. Fonseca, and W. J. Kenworthy. 1982. Macrobenthic
community structure in a transplanted eelgrass (Zostera marina)
meadow. Mar. Ecol. Prog. Ser. 9:211-221.

Irlandi, E. A., W. G. Ambrose Jr., and B. A. Orlando. 1995. Landscape ecology
and the marine environment: how spatial configuration of seagrass habitat
influences growth and survival of the bay scallop. Oikos 72:307-313.

Jenkins, G. P. and C. R. Sutherland. 1997. The influence of habitat structure on
nearshore fish assemblages in a southern Australian embayment:
colonization and turnover rate of fishes associated with artificial
macrophyte beds of varying physical structure. J. Exp. Mar. Biol. Ecol.
218:103-125.

Kapos, V., G. Ganade, E. Matsui, and R. L. Victoria. 1993. §'C as an indicator
of edge effects in tropical rainforest reserves. J. Ecol. 81:425-432.

King D. I., C. R. Griffin, and R. M. DeGraaf. 1997. Effects of clearcut borders on
distribution and abundance of forest birds in Northern New Hampshire.
Wilson Bull. 109:239-245.

Kneib, R. T. 2000. Salt marsh ecoscapes and production transfers by estuarine
nekton in the southeastern United States. In: M. P. Weinstein and D. A.
Kreeger (eds.). Concepts and controversies in tidal marsh ecology, pp.
267-291. Kluwer Academic Publishers, Netherlands.

Kotliar, N. B. and J. A. Wiens. 1990. Multiple scales of patchiness and patch
structure: a hierarchical framework for the study of heterogeneity. Oikos
59:253-260.

Kruger, S. C. and M. J. Lawes. 1997. Edge effects at an induced forest-
grassland boundary: forest birds in the Ongoye Forest Reserve, KwaZulu-
Natal. S. Afr. J. Zool. 32:82-91.

Leopold, A. 1933. Game Management. Charles Scribner and Sons, New York.
536 pp.

Levinton, J. S., D. E. Martinez, and M. M. McCartney. 1995. The effect of water
flow on movement, burrowing, and distributions of the gastropod
llyanassa obsoleta in a tidal creek. Mar. Biol. 122:417-424.

Lewis, F. G. lll. 1984. Distribution of macrobenthic crustaceans associated
with Thalassia, Halodule and bare sand substrata. Mar. Ecol. Prog. Ser.
19:101-113.

Lovegrove, S. 1997. Assessment of the ecological effects of propeller damage



from motor boats on a Thalassia testudinum (Banks ex Koenig) bed in
Charlotte Harbor, Florida. M.S. Thesis, University of North Wales, United
Kingdom, 51 pp.

Lovejoy, T. E., R. O. Bierregaard, A. B. Rylands, J. R. Malcolm, C. E. Quintela,
L. H. Harper, K. S. Brown Jr., A. H. Powell, G. V. N. Powell, H. O. R.
Schubert, and M. B. Hays. 1986. Edge and other effects of isolation on
Amazon forest fragments. In: M. E. Soule (ed.). Conservation biology:
the science of scarcity and diversity, pp. 257-285. Sinauer Associates,
Sunderland, Massachusetts.

Majer, J. D., J. H. C. Delabie, and N. L. McKenzie. 1997. Ant litter fauna of
forest, forest edges and adjacent grasslands in the Atlantic rain forest
region of Bahia, Brazil. Insect. Soc. 44:255-266.

Matlack, G. R. 1993. Microenvironment variation within and among forest edge
sites in the Eastern United States. Biol. Conserv. 66:185-194.

McNeill, S. E. and P. G. Fairweather. 1993. Single large or several small
marine reserves? An experimental approach with seagrass fauna. J.
Biogeogr. 20:429-440.

Moles, A. and B. L. Norcross. 1995. Sediment preference in juvenile Pacific
flatfishes. Neth. J. Sea Res. 34:177-182.

Nakaoka, M. and K. Aioi. 1999. Growth of seagrass Halophila ovalis at dugong
trails compared to existing within-patch variation in a Thailand intertidal
flat. Mar. Ecol. Prog. Ser. 184:97-103.

Odum, E. P. 1971. Fundamentals of Ecology. Saunders, Philadelphia. 574 pp.

O’Gower, A. K. and J. W. Wacasey. 1967. Animal communities associated with
Thalassia, Diplanthera, and sand beds in Biscayne Bay |. Analysis of
communities in relation to water movements. Bull. Mar. Sci. 17:175-201.

Orth, R. J. 1973. Benthic infauna of eelgrass (Zostera marina) beds.
Chesapeake Sci. 14:258-269.

Orth, R. J. 1975. Destruction of eelgrass, Zostera marina, by the cownose ray,
Rhinoptera bonasus, in the Chesapeake Bay. Chesapeake Sci. 16:205-
208.

Orth, R. J. 1977. The importance of sediment stability in seagrass communities.
In: B. C. Coull (ed.). Ecology of marine benthos, pp. 281-300. Univ.
South Carolina Press, Columbia, South Carolina.

Orth, R. J., K. L. Heck Jr., and J. van Montfrans. 1984. Faunal communities in
seagrass beds: a review of the influence of plant structure and prey
characteristics on predator-prey relationships. Estuaries 7:339-350.

Ozanne, C. M. P., C. Hambler, A. Foggo, and M. R. Speight. 1997. The
significance of edge effects in the management of forests for invertebrate
biodiversity. In: N. E. Stork, J. Adis, and R. K. Didham (eds.). Canopy
arthropods, pp. 534-550. Chapman and Hall, London.

Patriquin, D. G. 1975. “Migration” of blowouts in seagrass beds at Barbados
and Carriacou, West Indies, and its ecological and geological
implications. Aquat. Bot. 1:163-1809.

Peterson, G. W. and R. E. Turner. 1994. The value of salt marsh edge vs



interior as a habitat for fish and decapod crustaceans in a Louisiana tidal
marsh. Estuaries 17:235-262.

Phillips, R. C. 1984. The ecology of eelgrass meadows in the Pacific
Northwest: a community profile. U. S. Fish Wildl. Serv. USFWS/OBS-
84/24. 85 pp.

Pinedo, S., R. Sarda, C. Rey, and M. Bhaud. 2000. Effect of sediment particle
size on recruitment of Owenia fusiformis in the Bay of Blanes (NW
Mediterranean Sea): an experimental approach to explain field
distribution. Mar. Ecol. Prog. Ser. 203:205-213.

Riegl, B. and A. Riegl. 1996. How episodic coral breakage can determine
community structure: a South African coral reef example. P. S. Z. N. I
Marine Ecology 17:399-410.

Robbins, B. D. and S. S. Bell. 1994. Seagrass landscapes: a terrestrial
approach to the marine subtidal environment. Trends Ecol. Evol.
9:301-304.

Rozas, L. P. and T. J. Minello. 1997. Estimating densities of small fishes and
decapod crustaceans in shallow estuarine habitats: A review of sampling
design with focus on gear selection. Estuaries 20:199-213.

Ruello, N. V. 1973. Burrowing, feeding, and spatial distribution of the school
prawn Metapenaeus macleayi (Haswell) in the Hunter River region,
Australia. J. Exp. Mar. Biol. Ecol. 13:189-206.

Rulifson, R. A. 1981. Substrate preferences of juvenile penaeid shrimps in
estuarine habitats. Contrib. Mar. Sci. 24:35-52.

Runkle, J. R. 1985. Disturbance regimes in temperate forests. In: S. T. A.
Pickett and P. S. White (eds.). The ecology of natural disturbance and
patch dynamics, pp. 17-33. Academic Press, New York.

Sakurai, I. and M. Seto. 2000. Movement and orientation of the Japanese
scallop Patinopecten yessoensis (Jay) in response to water flow.
Aquaculture 181:269-279.

Santos, S. L. and J. L. Simon. 1974. Distribution and abundance of the
polychaetous annelids in a south Florida estuary. Bull. Mar. Sci. 24:669-
689.

Sargent, F. J., T. J. Leary, D. W. Crewz, and C. R. Kruer. 1994. Scarring of
Florida’s seagrasses: Assessment and management options. FMRI
Tech. Rep. TR-1. Florida Marine Research Institute, St. Petersburg,
Florida. 37 pp.

SAS Institute, Inc. 1999. SAS Version 8.0. Cary, North Carolina.

Saunders, D. A., R. J. Hobbs, and C. R. Margules. 1991. Biological
consequences of ecosystem fragmentation. Biol. Conserv. 5:18-32.

Scoffin, T. P. 1970. The trapping and binding of subtidal carbonate sediments
by marine vegetation in Bimini Lagoon, Bahamas. J. Sediment. Petrol.
40:249-273.

Shapiro, S. S. and M. B. Wilk. 1965. An analysis of variance test for normality
(complete samples). Biometrika 52:591-611.

Seiderer, L. J. and R. C. Newell. 1999. Analysis of the relationship between



sediment composition and benthic community structure in coastal
deposits: implications for marine aggregate dredging. ICES J. Mar. Sci.
56:757-765.

Sogard, S. M. and K. W. Able. 1991. A comparison of eelgrass, sea lettuce
macroalgae, and marsh creeks as habitats for epibenthic fishes and
decapods. Estuar. Coast. Shelf Sci. 33:501-519.

Sogard, S. M., G. V. N. Powell, and J. G. Holmquist. 1987. Epibenthic fish
communities on Florida Bay banks: relations with physical parameters and
seagrass cover. Mar. Ecol. Prog. Ser. 40:25-39.

Sousa, W. P. 1979. Disturbance in marine intertidal boulder fields: the
nonequilibrium maintenance of species diversity. Ecology 60:1225-1239.

Sousa, W. P. 1985. Disturbance and patch dynamics on rocky intertidal shores.
In: S. T. A. Pickett and P. S. White (eds.). The ecology of natural
disturbance and patch dynamics, pp. 101-124. Academic Press, New
York.

Stevens, S. M. and T. P. Husband. 1998. The influence of edge on small
mammals: evidence from Brazilian Atlantic forest fragments. Biol.
Conserv. 85:1-8.

Stoner, A. W. 1980a. The role of seagrass biomass in the organization of
benthic macrofaunal assemblages. Bull. Mar. Sci. 30:537-551.

Stoner, A. W. 1980b. Perception and choice of substratum by epifaunal
amphipods associated with seagrasses. Mar. Ecol. Prog. Ser. 3:105-111.

Stoner, A. W. 1983a. Distributional ecology of amphipods and tanaidaceans
associated with three seagrass species. J. Crust. Biol. 3:505-518.

Stoner, A. W. 1983b. Distribution of fishes in seagrass meadows: role of
macrophyte biomass and species composition. Fish. Bull. 81:837-846.

Stoner, A. W. and F. G. Lewis. 1985. The influence of quantitative and
qualitative aspects of habitat complexity in tropical sea-grass meadows. J.
Exp. Mar. Biol. Ecol. 94:19-40.

Strong, A. M. and G. T. Bancroft. 1994. Patterns of deforestation and
fragmentation of mangrove and deciduous seasonal forests in the upper
Florida Keys. Bull. Mar. Sci. 54:795-804.

Thayer, G. W., S. M. Adams, and M. W. LaCroix. 1975. Structural and
functional aspects of a recently established Zostera marina community.
In: L. E. Cronin (ed.). Estuarine research vol. 1. chemistry and biology,
pp. 518-540. Academic Press, New York.

Thayer, G. W. and M. S. Fonseca. 1984. The ecology of eelgrass meadows of
the Atlantic coast: a community profile. U. S. Fish Wildl. Serv.
USFWS/OBS-84/02. 148 pp.

Thompson, T. L. and E. P. Glenn. 1994. Plaster standards to measure water
motion. Limnol. Oceanogr. 39:1768-1779.

Thorhaug, A. and M. A. Roessler. 1977. Seagrass community dynamics in a
subtropical estuarine lagoon. Aquaculture 12:253-277.

Virnstein, R. W., P. S. Mikkelsen, K. D. Cairns, and M. A. Capone. 1983.
Seagrass beds versus sand bottoms: the trophic importance of their



associated benthic invertebrates. Florida Sci. 46:363-381.

Walker, D. I., R. J. Lukatelich, G. Bastyan, and A. J. McComb. 1989. Effect
of boat moorings on seagrass beds near Perth, Western Australia.
Aquat. Bot. 36:69-77.

Warwick, R. M. and R. J. Uncles. 1980. Distribution of benthic macrofauna
associations in the Bristol Channel in relation to tidal stress. Mar. Ecol.
Prog. Ser. 3:97-103.

Wells, F. E., R. A. Rose, and S. Lang. 1985. An analysis of benthic marine
invertebrate communities in subtidal seagrass and sand habitats in Shark
Bay, Western Australia. Rec. W. Aust. Mus. 12:47-56.

White, P. S. and S. T. A. Pickett. 1985. Natural disturbance and patch
dynamics: An introduction. In: S. T. A. Pickett and P. S. White (eds.).
The ecology of natural disturbance and patch dynamics, pp. 3-13.
Academic Press, New York.

Wiens, J. A. 1992. Ecological flows across landscape boundaries: a conceptual
overview. In: A. J. Hansen and F. di Castri (eds.). Landscape
boundaries: consequences for biotic diversity and ecological flows, pp.
217-235. Springer-Verlag, New York.

Wiens, J. A., C. S. Crawford, and J. R. Gosz. 1985. Boundary dynamics: a
conceptual framework for studying landscape ecosystems. Oikos
45:421-427.

Wilcox, B. A. and D. D. Murphy. 1985. Conservation strategy: the effects of
fragmentation on extinction. Am. Nat. 125:879-887.

Williams, A. B. 1958. Substrates as a factor in shrimp distribution. Limnol.
Oceanogr. 3:283-290.

Williams-Linera, G. 1990. Vegetation structure and environmental conditions of
forest edges in Panama. J. Ecol. 78:356-373.

Wilson, D. P. 1949. The decline of Zostera marina L. at Salcombe and its
effects on the shore. J. Mar. Biol. Assoc. U.K. 28:395-412.

Young, A. and N. Mitchell. 1994. Microclimate and vegetation edge effects in a
fragmented podocarp-broadleaf forest in New Zealand. Biol. Conserv.
67:63-72.

Young, D. K. and M. W. Young. 1982. Macrobenthic invertebrates in bare sand
and seagrass (Thalassia testudinum) at Carrie Bow Cay, Belize. In:

K. Rutzler and I. G. Macintyre (eds.). The Atlantic barrier reef ecosystem
at Carrie Bow Cay, Belize I. Structure and communities, pp. 115-126.
Smithsonian Institute Press, Washington District of Columbia.

Zieman, J. C. 1972. Origin of circular beds of Thalassia (Spermatophyta:
Hydrocharitaceae) in South Biscayne Bay, Florida, and their relationship
to mangrove hammocks. Bull. Mar. Sci. 22:559-574.

Zieman, J. C. 1982. The ecology of seagrasses of south Florida: a community
profile. U. S. Fish. Wildl. Serv. USFWS/OBS-82/25. 158 pp.

Zieman, J. C. and R. T. Zieman. 1989. The ecology of the seagrass meadows
of the west coast of Florida: a community profile. U. S. Fish. Wildl. Serv.
Biol. Rep. 85(7.25). 155 pp.






	Number and percent composition of molluscs collected across
	all treatments.70
	15Mean (S. E.) number of molluscs per m2 within each treatment
	(N = 10). 72
	16P-values resulting from paired, two-tailed t-tests comparing
	
	
	2.a.  Flow
	2.e.  Data Analysis
	Thor manningi
	Malacotenus macropus
	Cerithium eberneum
	3.a.  Flow
	3.b.  Sediment
	3.c.  Seagrass


	Variable
	Source
	Shrimp Taxon
	Total Shrimps
	Shrimp Taxon
	Thor manningi
	Metapenaeopsis goodei

	Leander paulensis



	Table 7.  P-values resulting from paired, two-tailed t-tests comparing differences in mean number of shrimps per m2 between pairs of treatments.  *significant at the per-contrast error rate (alpha = 0.05); **significant after correcting for multiple co
	
	Shrimp Taxon


	†treated as a complex of the two species \(Gore �
	††includes: Trachypenaeus sp.
	Processa bermudensis
	
	
	
	Metapenaeopsis goodei

	Farfantepenaeus duorarum
	Leander paulensis

	Fish Taxon
	Fish Taxon
	Bryx dunckeri
	Gobionellus saepepallans

	Fish Taxon
	
	
	Total Fishes


	Gobionellus saepepallans

	Crab Taxon


	Crab Taxon
	Table 13.  P-values resulting from paired, two-tailed t-tests comparing differences in mean number of crabs per m2 between pairs of treatments.  *significant at the per-contrast error rate (alpha = 0.05); **significant after correcting for multiple com
	Crab Taxon
	Mollusc Taxon
	Percent
	
	
	
	Tegula fasciata





	Mollusc Taxon

	Table 16.  P-values resulting from paired, two-tailed t-tests comparing differences in mean number of molluscs per m2 between pairs of treatments.  *significant at the per-contrast error rate (alpha = 0.05); **significant after correcting for multiple 
	
	
	Cerithium litteratum




